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OBJECTIVES 7) we ac 
When you finfsh this unit you will be abléily - 
1. define molarity and molality. : 
A ’ Pia " 
2. prepare any volume of any particular molar or molal solution. 
‘3. use molarity and molality in. chemical problems. 
N 4%. convert from one concentration unit- to-another. i 
‘ g . f 
PREREQUISITES i et al biog See eeieinn one 
2 . Se 2 7 . ds ay, Sak a! eo See dp ctstien Gode, eae ee een ee es oe PS RENEE OS ee ae tC oe ae ee Se « 
\ . 3 F 
: “ : ~ v = 
Before you begin this unit you should know : : 
‘1. the concepts in the unit on introduction to solutions. 
2. how to utilize the mole in*-chemical calculations. 
3. how to use metric yhits of volume and mass. i 
mtn 
.. 
& ca P a ; 
PRE-TEST _ F . ae. ' 
e . SP ced nigh See ; at : 1 
. =F RES, . t oes 


Ss ae . 
1. Calculate the % by weight of a solutton prepared a dissolving 10 mors of 


NaCl (MW = 58.5 g/mole) in 5 .8 of water. 
How many mis of acetone (CHa COCH3) (MW = $8 e/iiete) are paawined to pre 


are 200 ml of a 15 % v/v of: acetone in water? . 
+2 
ain PPM Of a solution in which 50 mg ne 


3% eee the concentratiovfY of Fe 


e 


FeSO, was dissolved in one liter of: H20.- (At. wts.: Fe = 55.85, S =- 32, : 
Q = 16 g/mole) P . 
. . , ae 7 ae eo 
‘Answers to pre-test: "24 Sie. . 
1. 12.7% w/w ; ieee | . 
“2. 30 ms 2 owe 
: : a ns > ‘ 
ms 8. 18.4 PPM aa 
H . . , ; + \ , \ 
- INTRODUCTION | ; v SS: ‘ \ ; 3 


: volume measure is 
With the fact that all che 
- see how the lar solutio 


i Nig 


agents in running chemical reactions. 
- balance will agree that this is an extremely accurate device. Yet when one compares 


« 
"the time and effort to weigh a humber gf, %@mples as opposed to measuring out quan- 


tities by volume, as say, teaspoons, cups; 


ute on a volumé. basis. 
oorrangement of “the weight percent Bolution. we learned before. 


a 
* . 


In chemistry theré is’ always a need of measuring out specific amounts of re- 
q q Yr - . 
Anyone who has handled a modern analytic ’ 


or midliliters, everyone will agree that 
many times faster and easier than weight measure. Coupling this i 


io reactions occur on a mole ratio basis, it is easy ‘to | 
The molar solution dispenses mores of. ‘SOl- 


was invented. 
Later’ we will see that the molal. solution is just a. re- 


ry ‘ a ‘ 


ie 


“ete Pang 


. Votumetric 
Flask 


THE MOLAR SOLUTION 


. 


In (a) a volumetric flask of the size required ‘is obtained. 


standard 3izes i § ml to 2 liters. 


This Weight represents a definite number of moles. 


‘ ‘ a - 
The following diagram'will deacribe the preparation of a molar solution. 


. 4 
These come in various - 


Next, a given weight of a solute is obtained. 
Now water iv’ added (b> and the 


mixture shaken constantly until the solution ‘men icus" is exagtly at the mark of 


the volumetri¢ flask (c). 


Example 1. 


¢ 


’*. Sinceal mole 


“ity ean also 


long as the total solution reaches the mark oh the flask. 


Note that the amount of water added is not measures so 


~*~ 


Suppose now we weighed out 15.96 g of CuSO, and diluted to 500 ml ina 
_What’ would the molarity of the solution be? 


volumetric flask. 


1. Molarity = 


otal volume, o 


of moles solute 
solution 


no. 


ters 


{ - 


In molarity problems we calculate the poe and denominator 


~ separately, 


ea of solute _ 154 9° CuSO 
2. Moles of solute = Bap So ee = rege g iSO, /mol 
3. No. of moles CuSO, = 0.10 moles - 
4.” Vol. of solution = 500 ml = 0.51 


5. Molarity = 


* \ 


and then divide. ; 27 


0.10 moles CuSO, 


aters solution 20" 


moles 


We ‘see that molarity has the units of Titer 


Let's write don 


4 


W 


of solution or 0. 


change. 


all the formulas: we- used: so far 


F i solute : i 
6. New of molts = gy EoPlUtt a oay 
°7. 1 liter = 1090 ml 
8. Molarity = moles /liter 


20° myols/m1. 


y 


,/MO 


_ no. of mmol “8. mmol 
M = nec tor @ » or, Units of i 


4 t 


"1000 millimoles (mmo) “and 1 iter \ 1000 m ml, the molar- 


be represented as: 


Sur 0°. 20 M solution of Cusoy would then contain 0.20 ‘moles CuSO¥/liter 
Note that’ ‘the polarity value. does not, 


Example 23 


¥ 


Problem 1. 


Problem 2. 


Problem 3. 


L 
. \ 


. Suppose you dissolve 30 mmol of NaOH in 0.4 liters. Calcubate the mo- 


larity. First we notice that the units are not consistent; we need ei- 


ther mmols/ml or moles/liter so wa can do it in one of two ways. 


Method 1: 
‘30 mmols = 0.09 moles 7 ; 
Then . , . , 
; y = 0.03 moles NaOH’, 3 x 10°? moles 
: ; Teens. 4 x 10°' liters ’ 
= 0.75 x 107' molar ; 
M = 7.5 x 10°? molar ; 
: : € yy - v. 075 molar a =. 
Method ?: . | 
0.40 1 = 400 ml ; 
Then a sO | : 
Molarity = a mes = 0.075 molar ae —_ : 
Notice that the same number is obtained in both cases. Try the follow- 


ing problems to see if you have the idea. , 


Calculate the molarities of the following solutions: 

a. contains 50 mmol of solute in 1.5 liters of- solution. 

b. contains 165.6 g of lead nitrate (MW = 331.2°g/mol)- in 250°ml of 
solution. a : 

c. contains 25, 2 milligrams of manganous chloride (MW = 126 g@/mol) in 


0.1 liter of solution. 


4 


-Let's examine the problrm whereit' we delivered a given volume of solu- 


tion, Say 20 ml of a 0.50 M ferrous sulfate (FeS0,), d wish to calcu- 
late the humber of grams of FeSO, delivered. ‘(MW FeSO, = 152. g/mol) 


Since —_ = . a 

‘ . .. motes solute <- ; 

eas ae liters of solution 
then | ; ae “ ; 
20 ml solution x 0:$0_Mmol FeSO. e qt Md x 152. FeSOy _ 
mL solution 1000 mmol mo e 4 ’ 
y _ 20 x 0.50 x 152, g FeS0, = 1.52 g 
, Calculate the number of grams of solute in 100 mY of a 5 x 10 °M solu- ‘. 

tion ‘of silver nitrate. CAEN W) (MW = 170 g/mol). - ~~ 


How mary mis" of a 3 M solution can: -be prepared from 60 grams of sulfuric 


) 4 acid (H2S0u), (MW = 98 g/mol)? - os 
Weight percent concentrations can he converted to molarity provided tHe density 
of the solution is available. ; : Sy : 
F : ‘ 
‘Exam l¢ 4. Calculate the molarity of a solution of nitric acid (HNO 5) (MW = 63. 
. : ? 
- g/mol), which is 29.26% w/w HNO; and has a specific. gravity of 1.18.. 
Se é 7 ; : ' : ‘ 
RIC ch | 
. GSS ? be et 7 . : . 
Pe 2 res 


bait hea Monaro a AS TR Ra ee ge ET ee Sa aa ata RR RR i RT 8 Wine ae - meee 


~e e Fee oo : EY ER 


-~- 
; . The specific gravity is the ratio of the density of an object to thé — 
n : ® 
density of water. In the metric system d H20 = 1 g/ml.so the density of 
the HNO, solution is 1.18 g/ml. : . . 
Qne way of‘golving this problem is to suppose that we had 1000 ml (1 14- . 
. ry . : 
ter) of this solution. Then jf we can calculate the number of moles .of 
solute that would.be present in the volume of 1 liter, that number of . 
moles would equal the mokarity. — ‘ 
A ia 
Step F. Uging the density, find, the total wergne of 16000 ml of solu- 
' , tion. : ” ; 
~ i. —— — “1000 ml solution *~ Asd) g potution EP Solution ~ “eres eae 
ml s®lution ‘ 
, Step, 2. Using the % yw composition calculate the fraction of the total 
y ae weight of solution which is solute. : 
. etn y 022926 g HNOs _ | - - 
g solution x — yh =. g Nos 
— Step 3. Using the molecular weight ‘of the solute, convert grams of sol-. 


“ute to moles of solute. 


g HNO, xt4 mo oe = moles HNO 


?@ 


Step 4. ocr Steps 1 through. 3 egethees 


| (8 20004 1.18 #022928 5 5,48 mol HNOS ; 


& Step Ss Molarity = ae Ther = 5.48M . 


Problem 4. Calculate the molarity of an ammonium hydroxide solution (NH, OH) which ; 
‘has a specific gravity of 0.96 ‘and contains 9.38% by ca of NH 3. 


my 


7 ra a . v 
+ MOLALITY 
. “4, : i . . . ao 
The molality concentration arises as. a' useful concentration unit when: dealing. 


‘ 


( 
. with physical interactions between solute’&and solvent. (see colli gative Properties: 


Be careful to distinguish the difference between molarity and ‘molality. 


t 


Molality is defined as moles of solute per kilogram of solvent, or in equation 
caphe 


| molaity = pypQes selves : ! 
An important consideration of molality is that the denominator contains: the wetght 
of solvent only, not solution. : "See 
Since. most experiments in’ which molality is required involve weighing out both 
r sglute and solvent, the following formula is much more operational (useful) and it 


might be advisable for a student, to keep it in mind: Sos 


, , biwitke = of solute 1000 
_ _ og” yg of solvent (HW orate SB 


} . 
Example 5. Calculate the et of ‘a solution prepared by weighing Ne of ee ‘ 
oe 


mic sulfate, Crz(S0,)9, in«150 g of water. «MW Cr2(SO4)s = 


' 


‘ . 2 : 6 @. * i 
7 « 
. 7 = - . , * oe » 


a . wot a vrs : Yb Rare vie meted ty cement een eee = Le ae 8 : 2: Esp ee, xe : Ses i. oe F - oy 
‘ : 2 : : 


Then: . . : 
. / 


; hoe . solute - 1000 . 
molality = Boyt * (HW sclutay 
; ; _ 10 = 1000 
7 +S) x : 
= 0.17 molal ; 


Example 6. Calculate the molality of a solution prepared by dissolving 0.5 moles 
: ; KCl in 75 g of water. In this case, since the moles are given directly, 


- moles solute 1000 g. 
\ molality = “solvent * “I-kg® 
. 3 .2 0-5 * 1990 


M 


6.67 molal 


Here are two'problems to try: 


Problem 5. Galculate the molality of a solution prepared by dissolving 2 g of NaOH | 


(MW = 40 g/mol) in 120 ml of water, (density of H20 = 1 g/ml). 


Problem 6. a. Calculate the number of grams ‘of BaClz (MW = 208 g/mol ) Peavined to 
prepare a 0.4 molal solution containing 2 kg of: water. : 
b. What would: the total solution weigh? Le @ ¢ 


4.) SUMMARY i —— 


* 


So far, we have iscussed four. -concentration units -- weight percent, volume 
percent, mdlarity a 
be converted to any other providing the density is known. . 


Weight ; a 
eee Moke cas 
Volume 
Percent 


weight percent pe ee . . ‘ “ 


Problem 7. Calculate the molality of a solutidn which is 10% by weight ‘CaBrz (MW = 


200 g/mol). ‘ ; : 
. Pa x i . . 
“Problem 8, How do you think an inggease in temperature will affect the concentra- 


. tion of a molar or a molal solution? 
[ . You are now ready to take a small quiz on this unit. Log in according to the 
instructions of your teacher, The camputer will’ then give: you” ‘a five- ~problen quiz. 
Take the quiz home ana answer the questions. Then come back and have the computer 


Snes your answers. If you need more help, go Ack aver this module and then try 


the computer quiz again. The computer questions will all’ be differents, no two ques- 


ERIGone are the same. |. a oer e 4 ) Pd ray 


. ; ea 8 : om \ 


molality. ‘These are all connected and any concentration can 


ed 


* problem Set j . : 


CALCULATE THE WETGHT PERCENT OF een INA SCLUTICN CONTAINING 

49,45) G OF CrCly IN 35€ G CP WATER, 
& 

NOW MANY ML OF 2. 180 * Ni(NCy)> TS PECNIRED IN THE 

PREPARATION OF 49.8 ML OF %.99¢ M NI(NOs) 9 ? 


N i 


WHAT TS THE MOTARITY OF A °5.13 PERCENT SCLUTICN OF cape, F 4 
THE -DENSITY.- ae THE. SOLUTION. DS che Q SO 2G 78D. sccnhee tccekeiie ee Gah ches 


IF A SCLUTION OF DENSITY 1.169 GyME IS PEEPARED FY DI SSCLVING 
OF KMNC, TX ENCUGH WATFR TC FORM 1 LITER’ OF pO EUETON 
WHAT WCULD BE THF MCLALITY CF ms 
IN THS SCLUTTON? , : : 
2 ~ ° 7 


| , Problem Set ) 


‘ 


HOW MANY MT OF 2,140 ™ csnegaes IS FEQUIRED IN THE 


PPFPARATION OF 4a. - ks Or 492 M CuS0g- gh QO ? 


Tr A SOLUTION OF DENSIT™ 1.418 G/ML IS PREPAPEC BY DI SSCLVING 
OF TI (N04) > IN FNONGH WATER TO FORM 1 LITER OF SOLUTIQN,, 
WHAT WOULD RF THE MCLATITY OF Ca (NC) 2 


TN THRE SCLUTION? ; a 


CALCULATE THE WFTSHT PRRCENT OF CaBry IN A SOLUTION CONTAINING 
67 G OF WATFR TR 1.0.0 MCLES CF CaBro. 


WHAT iS) THE MOLAPITY OF A 7 a3 ‘PERCENT SOLUTICN OF Ale (SO4) 3 ? 
* 


THE DENSTTY OF THE SOLUTION 1s 4.077 G/ML . | at 
XY si os 


§2.5 G 


88.5 G 


'! problem Set 3 fs : 


1. THF DENSITY OF. A 1.27-™ SCLUTICN OF FeCl, 1 ; . 
YN WATER TS 1.1°8 G/ML AT 20 DEG C, ‘ : 
CALCULATE THE WEYGHT- PFRCENT OF THE SOLUTICN, 


2 A SOLUTION TS PREPARET EY DISSCLVING .29:8© G OF KMnO, IN ENOUGH WATER 
“. TO FORM 1 LITER OF SCLUTICN. THE DENSITY OP THE SCLUTION IS 1,329 G/ML. | 
CALCULATE THE WETGHT PERCENT CF WATER IW THIS SOLUTION, 


PY . 
SB spies ogy a wise ada se g yadeysies. Be aaeatiny 


oe the DENSITY OF A O77) ih Secaricn | CF MqSO, IN WATER | ‘ 
a IS 1.°6C G/MI As 2C DEG C. CALCULATE TEF MOLALITY QF THE SOLUTION. 


uy CALCHLATE THE NUPMRER CF MOLES .CF MnCl a. IW 100.2 nL 
OF 0,594 aa MnCl,s. 


a : ; Problem Set 4 


‘@. 


~ a 
Ny 


1. CATCULIATE THE NUMBER OF MOLES OF KMnO, IN 97.1 ML 
OF ae M KMNO,. 2 4 ~ 
‘ e a . ° 
2. ‘THE DENSITY OF A 0.85 M SCLUTICN OF CaBry © - * ¢ 
EN WATER IS 1.(.38 G/ML AT 20 DEG C. ” a a 
AGNLENEATE THE WEIGHT PERCENT OF THE SOLUTICN, 


3. IF A SCLUTION CF DENSITY 1.133 G/ML TS PPEPAREL BY DISSOLVING 4.5 G 
OF Mq50, IN. ENOUGH WATER TC FORM 1 LITER.OF SOLUTICN, . 
WUAT WOULD RE THE MCLALITY OF MqSC,y . 
TN -THE. SOLUTION? 3 _ ; 


YU. A SCLUTION TS PREPARED ey DISSCLVING 79.50 6 OF Ni (NOs) > TN ENOUGH WATE? 
TQ FORM 1 LITFR GF SOLUTION, THE DENSITY OF THE .SCLUTION 1s) 1.113 G/ML. 
.CALCULAT.E THE WFIGHT PERCENT OF WATER IN THIS SOLUTION, 


E item | = & 
ot ° . ‘ ‘ ‘ty : 
: ENC ae : = . : . . ‘ : . . ; : bs tere Tonkee - 


Tenaga 
4 


Ww 


Problem Set. 5 . ee ee 


q 


CALCULATE THE noeoes CF ROLES OF K,Cr p07 IN 29.7 ML 
.9855 MOLES OF Na,CO, IS DISSOLVED IN .BNOUGH WATER 7 

TO FORY,1 LITFR OF SOLUTION. WHAT IS THE WEIGHT PERCENT OF 
WATER IN THTS SCENTTCN WHCSE DENSITY TS 1,287 G/ML ? 

THE DENSTTY OF A. 0.54. SOLUTICN OF. KIO, IN WATER «| ee 
TS 1,182 G/ML AT 20 DEG C. CALCULATE TEE MOLALITY OF THE SOLUTION... 


WHAT IS THE MOLARITY OF A 5.19: PERCENT SOLUTION OF (NH4) 3 PO, ? _ 
THE DENSITY OF THE SOLUTICN 1S 1.050 G/ML e., ; 


pane oF 


V ; : 7 _¢ a A, 


: td 
-Problem Set 6 


. 4 , « oe 
que lpens3ty OF 11, « ohacenn Ni(NO,) > SOLUTICN IS 1.111 G/ML. 
“WHAT WEIGHT AND WHK CLUME OF THIS SOLUTICN WELL CCNTAIN 


2&1 GRAMS OF Ni(NOq)> ? - 


IF 4. SOLUTION CP DENSITY - 1.930 G/ML IS PREPAREL. BY DISSOLVING 42.5 G 
OF KNOy CN FNOUGH WATER TO’ FORM 1 LITER OF SOLUTION, . ' 
WHAT WOULD BE.THE MOLALITY OF KNOs | 

IN THE SCLUTION? 


f 
THF DENSITY OF A C.51 M SCLUTICN OF FeCl,..” 
TN WATE? TS 1.116 G/ML AT 2C DEG C. \ 
CALCULATE THE WRIGHT PERCENT OF THE SCLUTICN. 


CALCULATE THE NUMBER CF MOLES cF eres IN 50.2 ML _ ¢f 


OF “455 me Mtge: 
Gast, g 
a 
F ° ¢ . 
, vl 0) . t 


hs 1. 


2. 
Be 


uy, 


1. . 
2. 


: 32 


yo : - . Problep Set 7 2 


THE DENSITY OF A 1,27 ® SOLUTICN OF FeCl, a 


IN WATER IS 1.134 G/ML AT 20 DEG Cy.” . 3 - 
CALCULATE THE; WEYGHT PERCENT OF THE SCLUTICN. : . _— ot 


FIND THE MOLAPISY OF A SOLUTICN PREPARES: BY DISSOLVING 3.23 G 
OF KBr IN A TOTAL CF 258 ML OF SCLUTICN. s : 


paced ie THE WEIGHT PFRCENT OF MnCl» IN \ SOLUTION -CONTAINING | 
“48.199 °G OF MnCl, IN 1073 G CP_WATER. 

: “y 
IF A SOLUTION OF DENSITY 41.189 G/ML IS PREPARED PY DISSOLVING 64.5 G. 
OF KoCroCy IN FNOUGH WATER TC FCRM 1 LITER OF SOLUTIONS ; 
WHAT WOULD RE THF -MCLALITY OF KyCr,0, % 
IN TPR SOLUTION? ‘ 


t Be of “ bi 


rr 


Problerm Set 8 


a 


sea THE NUMBER OF MOLES. OF Crcls In 69.5 ML 
OF 0.289 M CrClq. ' * 


CALCULATE THE WFIGHT-PFRCENT OF KoCraC>7 IN ‘ SOLUTICN CONTAINING . 
909 G OF KeCre0>7 IN 1004 G OF WATER. ; 


IF A SOLUTION OF DENSITY 1. C38 G/ML IS' PREP AREL BY DISSOLVING 90.5 G 
OF Cd (NDgr> IN FNOUGH WATER TQ FORM 1 LITER OF SOLUTION, - -— 


“WHAT WOULD BF THF MCLALITY OF Cd (NO 3) > 


YW, 


ERIC 


IN THE Rie 


74 


THE DENSITY “OF A .G.35 " SCLUTICN CF edna: 7 
“IN WATFR TS 1.146 G/ML AT 20 DEG C. . | \ | 
CALCULATE THE WETGHT PFRCENT OF THE SCLUTICN. aaa oy 
4 
i = 
’ a” 


1, 


_—'s 
i ERIC’ 


\ base . _% an . ~ yon ——~e- Bae ey 
a ae a mo 
7 om eo . 
- : F, » - ° \ 
, ° 5 ss x 
Cr ae : 
‘ a Problem Set 9 ae 
; - f kt eve 
: ; . F “ : 
. : . 
“Ns is e 
CALCULATF THE) NUMBFE- CF PCLES CF N1,(SC4) 5 tN: 89.5 ME 
‘OP 7.457 M Als (SOa) qe . = Z 
THF NENSITY OF A 1,27 4 SOLUTICN OF Ca(NOy), IN WATER 
TS 1.594 G/MT AT 39 DEC GC. CALCULATE THE MCLALITY OF THE SCLUTION.- 
IF A 3OLUTION OF. DENSITY. . 1.192 G/ML IS. PREPARED. BY DESSOLVING .,. . 
2.9 MOLES CF AQNC,y IN FNCUGH WATER'TC FORM 1 LITER CF SOLUTION, « © 
WHAT: WOULD BF THE WETGHT PERCENT CF AGNDy IN THF SCLUT ION? 
THE DENSITY OF A 1,39 M SCINTICN OF Al, (504) 5 a ee 
UN WATER IS 1. 172 G/ML AT 20 DFG Cw : a ee, ae 
CALCULATE THE WFIGHT DFRCENT OF. THE SCEUTEGN, yg a 
” » : 7 
N cs 
wt oo ’ 
Problem Set 10 ; | 
~\ . . ‘ a a! . . . a 7 
7 s é : “‘\y 
THY DENSITY OF - 83.7 PErcPyfsrecls. SQLUTION IS 1.1784 G/ML. * 
WHAT WEIGHT AND- WHAT VCLUME CF THES SCLUTICN WILL .CCNTAIN ° | 
39 GRAMS OF FeCl, ? an 
THE DENSITY OF A 1,72 * STLUTICN OF CrCl IN WATER 
1S 1,338 G/ML AT 2° DEG C. CALCULATE TERE MOLALITY.OF THR SCLUTION, 
~ 2. 2 ‘ ‘3 
THE DFPNSTTY OF A 1.f9% ¥ SCLUTICN CE KMNO, | | 7 a 
IN WATE? TS 1,120 G/ML AT 2C DEG C. ; 
CAICULATE THE WEIGHT PERCENT OF THE SOLNTICN. - + 4 
CALCULATE THE NUMBER OF MOLES,CF AGNC, IN 27.6 ML MK 
OF 2505 MAGNO. 
® 4 
5 A ne ee 


peat 


a ae me 
u A zt 


. _ E y e ? eee « 
: Ss 2, ee » gv 
7 ® Ji ¥ - . 
6 4 t z ran s 4 
a ee - eo Problem Set bl - 
at ae ; Poe 7 ys ee 
: ° ot e i . * 4 
: ie Oe eS ; E , _ 
"4. + THE DRENATTY OF ALC, a2-M SCLUTTON ok Wi (nays ~ {ae oS S 
‘VEN: WATER. TS 1, i6é G/YL-AT 2¢ DEG<C. 7 “a a is 
a (CALCULATE THE we “TI GHY PFRCENT OF THE sonutren. are ee eee i. 
2. IFA SOLUPION OF- DENSITY” 1. 290 GYAML Ts) ERFPAREL BY, DI SSOLVING . mye 4 
* 4,5 MOLES CF KNCy IN FNCUGH WATER TO. FCRM J LITER CF SCLUTION, | SG 
Wea WCULD BF TYP WEIGHT PERCENT CF KNC, IN THE SOLUTION? 
' ; X too . 
3a. THFDENSITY OFA. 1.02..M SOLUTICN. OF BgCly.IN WATER... eee she, Gees 
a3 TS) 17.198 G/PL AT 2 DFG C. CALCULATE TEE. MOLALITY OF. THE SOLUTION. 
ie dere: THE rey CF GFAMS OF. CrCl, SRcuAeED 9 PREPARF 1460 LITTERS 
- OF. 3.955. ” SOLNTICN, 4 
i me 7 
En eee : ‘ 
: w a e,: 
: . er Problem Set 12. 
ee oe a e i 
1.°- THE DINSITY.OF A 1.15 M SCLU™ION OF FeCl, | | 
IN WATER TS 1.¢70 G/ML AT 26 DEG CL . é 238 a 
CALCULATE THR WEIGHT PFRCEN® OE THR SCLUTICN.  - , 
, 2. CAL LATE THE WEIGHT PEPCENT DOF CaBry IN A SQLUTICN CONTAINING 
yuo a. OF CAPT, IN 773 G.CP WATER, 
a. of 4 8 
3... TOLWHAT VOLUME (ML) MUS 2.17 G OF KIG, . ; . 
' ~BE DILUTED TO MAKE A ee * SCLUTICN ? 
a. : : 
Yo IF A SCLUTTON CF DENSITY 1.292 G/éL, IS PREPARED .RY DISSOLVING . 25.5 G 
OF AQNO, IN FNCHGH WATFP TC FCRM.14 LITER OF SOLUTICN, | 
-, WHAT WOULD BA THE CLALITY OF AQNOy ©, - 2s . ae 
TN, THE SOLUTION? a os, 
‘ 7s t ” 
: ‘ay r z ° . 
a = 7 ‘ i 
: “ft 
i. 3 s 
x ‘ ; “ke é : a 
eae Pie, at . ° 
” t os 13 
. "Oi a 7 : 
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. * e "i 21 * me bl : i Noah 
ts ‘ - As, y ‘ e f : if i Sos 
- \, : 7 a an a . ‘ a = eo 2 : i 2 . / i, { 
a i 7 1 . bed “s. * ™ : ; 
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‘ ms 
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: _ = Problem Sét..13. . 
he . 5 . “ . . : ; } soe ; 
Tas sO : - ; oun oe . ; : BPR nate 


“lof THR DENSETY OF A Age: * SCELNTICN OF KIO, 
TN. WATER TS 1.C98..G/ML' AT 2C DEG CL. 

: CALCULATE’ THE WEIGHT PFRCENT OF THE SCLUTICN, 
.1°S MOLES OF Cry TS PTSSOLVED- IN ENOUGH WATER. - ’ 
FORM F-LITFR OF SCLUTTCN, WHAT TS TEE WETGHT PERCENT OF 
7 WATER TN THIS’ SCIOTION WHOSE DENSTTY TS. 1,CAU G/ML WR . . \ 
3. CALCOLATF THE “yoratird oF FaCly INA SCLUTICN CONTAINING | 35.90 GRAMS - 

OF WATER TN it 47, GEBBS OF Peel ae ? . i. 


re er - 
s 


4. TO WHAT VOLUME ¢(*L) “OST 7.17 G OF reels - 
BF NTLUTED TC MAKF A £,237 © SCLITICN ? _ ; 5 


: ae xe whe : r 
8 . . ‘ a = s . eo - 4% ‘ 
. 
%, 
ey 


1 THP-MENST RY OF A 13 1a- - SQLUTICH OF Ni(NO4) 2° , | 
TN WATES TS 4.144. ohn T.20. DEC Cc. 
CALCULATE WE WEIGHT PERCE os THE SCLUTICN. | 

; ¥ 8 - ae : 
: 2. THF soLuetitry OF AGRO ¥5 86.5 G AQNCy PER 100 G WATER . 
EMPFFATYPES WHAT TS THE WETGET PERCENT OF A 


SQL TEN oF qNO 4 AT THIS TEMPERATURE 2 


ry 


3.0 THE nage, aw n A p77 | 'y SCLUTICN OF MnCl, .IN WATER 


7 Th.1.79 DEG C. CALCULATE TER MOLALITY OF THE SOLUTION. 
ue careuLige ane wee rCLES CF Na yP04/TN 32.0 "LS; i 
SE 4 ; “te " Nova BOs _ ‘ = ; ; 
a ty : oe i cae = ' . ~ 
: ‘ee 
wt j 7 £ ° q 
| 14 
i 5 
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a7 Probler Set 15 | ' 44 


af , - “ . . of oe os 
1, TRA SCLUTTON- OF DENSTTY” 4.375 G/ML TS PREPARED BY. DISSOLVING 44,5 6. 
os OF Ni (NO) > TN FNOUKH WATER-TO FCRM. 1 LITER GP SOLUTION, , ~ 


WHA WOULD BE TBF MONALTTY OF NT(NO4) >» | ee a 
TN THT SCLUTTON? / 8. a! 4 
(2. WHAT TS THE’ MCIARTTY OF A 2.15 PERCENT SOLUTION “ot AGN ? ' 4 


THF DENSTTY OF THE SOQUTICN TS 4. 020 G/ML . 


: Se PIND THE VOLUMF.TN LITERS CF 6.376.¢ C4 (MO 3)5° SOLUTION | ae aR) Sects 
THAT CAM RE PREPARED FECM 23.50 G CF GA(NO4) > | 


uS CALCULATE THE WEIGHT PERCENT OF Als (SO,) 5 INA SOLUTION CONTAINING 
U7 G OF WATEP IN C.81 NCLES OF Aly (SO,4) 3. , % 


4 


Problem Set 16 


1. FIND "HE NOUMBLP OF GPAMS OF CaRY¥s RBQUIRED TO PREPARE 1,00 LITERS a 
OF 8.225 Mm SCTUTICK ; ; 


2. THF DENSITY OF - 28,7 PFPCENT MqSO, SCLUTION IS. 1. 129 G/ML. 
WHAT WETGHT AND WHAT VOLUME CF THIS SQLUTICN WILL CONTAIN 
76 GRAMS OF MqSQ, ? , 


3. TF A SOLUTION CF, DENSTTY 1.C48 G/ML IS FREPAREE BY DISSOLVING 15.5 G 

OF CA (NOX) » IN FNOUGH WATFR TO FORM 1 LITER OF SOLUTION, : . 

WHAT WOULD BF THE MCLALITY OF “Cd (NOg) o. : 
TN *THE SCLUTION? , 7 : “oa i 
u, WHAT TS THE MODAFITY OF A 4.1% PEFCENT SOLUTION OF -(NA,) a FO, ? 

THE DENSITY OF THE SCIUTICK Fs 1.594C G/ML 
: . ? ‘: . 
ra » 4 
Ss. ‘ , ‘ . 
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J me e : P ‘ . . . 
oe . , oe Problew Set 17 .: , & : ye 
oF - mi - fot a a 3 —_ os : | 
1, THF NENSITY OF A” 1.98 SCLUTICN oF “(NH4) 4P Os re s 
‘IN WATER TS 1,16C.G/ML° AT 20 DEG C. _— e He, 
CALCULATE THE WET GUT RERCENT OF THE ‘Somntity. » Hw ae 


ee IT Ls DESTRFD TC! PPEPARE A SCLUTICN CF CaBry IN 241 MI oF. aaTER 
SUCH THAT THR, WETGHT PFRCENT OF CaBr, 13 EQUAL TO ~ 8. 26. 
HOW'MANY GRAMS OF CaRry ARF PRECUIRED ? 


3. ~FIND Tig VOLUME SIN LITERS OF 9.379 KMnOg SCLUTTON 00S 
THAT TAN. BE PEBPARFD FRCM 22.5C GCF KMNO,. 

U. Tk 2 SCLUTION OF DENSTY .1.45C G/M. If EREPARED EY DT SFOLVING 9.5 6 

: ogra) heath “ENCUEH BAT EE FO FORM 1 LITFR OF SOLUTICN, 
WHAT WOULD RF TH MCLATITY OF (UN4) gfCq 
TN THE SCLUTTON? 


‘ [- : $ 


Prohlem Set 18 


1. CALCULATE THF NOMRFR OF SOTES cF aalOs IN 39.2 ML 
OF 2 T€R 6 Nas rN, : . : 


2. iTHF NENSITY OF A. 1.64 ™ SCLUTICN CF CuSO,4.gHsO IN WATER 
* $5 °1.198 G/ML AT 20 DFG C. CALCULATE TRE NOLALITY OF THE s Seren One 


3. WHAT, LS THE MCTARITY CF A 7.8% PERCENT SOLUTTON OF Ni (NO) 5 ? 
TUF DENSITY QF TRF SCLUTICN TS °1.977 G/ML . 


4, A SOLNTICN IS PREPAPFE BY DISSCLVING 32.10 G OF NaClOy IN FNOUGH WATER: * 
TO FOPM 1 LITE? CF SCLUTICN, ‘THE DENSITY OF THF SCLUTION IS. 1.150 G/ML. 
CALCHLATE THF 'WFTGHT PEPCENT OF WATE? IN THIS SOLUTION, 


“ 


\ 


eo. - = 
; . ss 
ENC Swit & oe Oe 
TAR ec: ee 


Ee, 
— 
¥ 


_ THE. ‘DENSITY..OF-A -6.52-M SOLUTICN. OF. BpCrpCy IWw 


HOW MANY GRAMS OF KIC, ARE REQU 


_ . 
: ee 4 ‘ 
Problep set 19 ee P . 
 £0c8 _ : \ : 
a od 
; bi . i ‘ as ese ™ “ ‘. ie: . % 
— THE DENSITY-OF A 1.43 & SOTOTION OF CA (NOG) 2 8 ™ a 


IN WATEP'TS'1.166 G/ML AT 20 DEG C. “'¢ 

CALCULATE THE WEIGHT PFRCENT OF THE SOLUTICN. 
4 

IF A SOLUTION OF DENSITY 1.328 G/ML.IS PREPARED EY DYSSOLVING 

3,0 MOLES CF FeC], IN ENOUGH WATER,TO FORM 1 LITER C¥ SOLUTION, 

WHAT WOULD BE THE WETGHT PERCENT OP“FeCl, IN THE SCHUT LON? 


TS 1.C68& G/ML AT 2¢ NEG C. CALCULATE: TEE MCLALIT OF, an SCLUTION, © 


re THE NUMBER OF GRAMS OF NCS PECUIRED TO P 
OF -515 4 SOLUTICN, , 


7 ‘- Problem /Set,.20 


: 
ap 
. . ; 
: 2 ; 

se \ 

2 4 ‘ a 


WHAT ©S THF MOLAFITY OF A 1,29 prc NT SOLUTION OF Kmn0. Ro -. 
THE DENSITY OF THE SOLUTION IS 1.01 ‘fat : | 


v 


eA, 


THE DENSITY OF A 4.764 SCLUTION Crcly IN WATER 3 
TS 9.156 G/ML AF 20 DEG C. CALCULATE TFE MOLALITY OF THE “SOLUTION. * ) 


{ 
If IS. DESTRED TO PREPARE A SCLUTI N OF KIO, IN 121 °SL OF WATER 


SUCH THAT THE WFIGHT PERCEAKT OF Cy IS EQUAL TO 4.42. 
ED ? 


OF 3, 085 M SCLUTICK. 


~~ 
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The. Computer-enriched Module <CM) project ig a collaborative pie te 


~~" effort by 19° Faculty membera in, the diapipiines oF chemistry, =| ys is 


mathematics and. phystes, to prddyce self-inatructidnal computer- ; we 
7 based materials: at the. introductory - college, level in ‘those Gisci-. 0 wt 
plines. Each module is designed to be usable in an academio -° tie thn a 
~ so sq . environment, with minimal computational facilities, and by. students Sly 
a and faculty who:are not pregranming experts, It may be. used as an: Ae 
—* © adjunct to standard textual materials,:or in many cases,. as a 7 2 a 
: replacemént for them. The primary aim of. each’ module is\to use >t» 
he ‘the computer in such a way: that students’ may take a moré'‘active = oe 
role in the development and discovery -of. concepts | _and phenomena. os ae 
. . : : . i. ot ia ne 
. CM Project Staff 7 a 4 i 
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LA MMOUCATIONAL OBJECTIVES . 


TEACHER'S GUIDE TO UNIT ON A DULE ON: SOLUTIONS; Z if 
MOLARITY, MOLALITY AND CONCENTRATION’ CONVERSIONS 


soe 
- 


a . eas co a ee: 
This module is a continuation of Unit Ls a module on. weight . 
' percent, volume percent ahd PPM. Even SO, both modules may be used 
independently of ‘one- another although the concepts of Unit 1 naturally 


precede these included here .. In this unit emphasis is. placed on 


. fundamental. definitions -and. the. ability. ‘to. convert. from-one..con=...... 2... 


centration unit to another. 
‘The factor peekea thas been used throughout with careful atten- 


tion to number unit labels. 


all 
da > : \ 


> 
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IMPLEMENTATION iy, 
7 ge : a ‘ ca 
This module is meant to be used at the student's OwNng pace The 


* design has’ been to hore the readings brief. ‘and to maintain a constant 
“Level of difficulty. In using this module the student is’ not pres=- 
sured" into jumping across the pages’ in the random frenzy of a scav- 
enger hunt’. The éxamples are many and simple exercises follow the 
student as he progresses through the material. ; : 
At any time the student can go to the computer and ask for a 


written quiz. The quiz consists of ‘a weries of five questions’ picked *": 


at random from a set of 25' questions and #vill guarantee that he will- 
receive at least one question in each of the five concentration argas 
discussed in the module. This meansthat there is the possibility «© 
of 5° or 3125. different exams. Moreover, the numbers » chosen in eacl 
question will: be ‘picked at random by the computer when the quiz is 
generated. The important aspect of this quiz is that the student _ 
can take the ‘quiz home and return: at any-later time to ‘check his 
results. With this approach, the ‘student does .not. waste expensive 
computer time. “working out the problems at the site. In addition, 

the programming is, kept to a minimun, so that the instructor need ~ 
not be concern ith keeping files or records of any ‘sort. There 
are no. a ane in the ‘computer, only the algorithm for the 
solution of the problem. ‘When the student re-enters his quiz num- 


ber, he iB an actuality 1 re- initializing a random number generator 


cin eel 
mar 
> 


Gee in % / “a 4 os 
a : é , . , : = iS ¢ 
which reprognams ‘internally he same “quiz as was. printed outs * The * -« 


computer quiz: 18 meant” to encourage self- testing as a quai cee 


means of: determining mastery of the subject. matter. : 
| po | 
‘ANSWERS TO° PROBLEMS ‘ 
“a ae “SC Mme lS OSS mal: Po one oe eee 7 = 
motarity = 2,0? Ol - 9.033 M 
a” : 
b. mols Pb €NO3)2 = poock ~- = 0.5 mol 
. 331.2 -¢/fnol 
: _ rn 
. molarity = O27 mot = 2M\ . 
os _ 25.2 me : & . —o 
ec. mmol of MNCL 7 176. ng 7 not = 0.2, mor | . ! . 
molarity = met a De 107 > M : e” 
~ , . i a e er . : : . 
2. mbdles of AgNO3 = 0.1 & x S ™ 16° * mois % oH ° ee 
Wh ats oi. Ss = 5 x 10°" moles. : : ; 
g AgNOs = 5 x 107°". moles x 170 g/mol 
| = 0.085 g | f i . oe 
_. 4 : oe ; | an. : - e 
| : 60 7 a | ' 
3. moles H2S0, 30 g/mol = 0/612 moles _ 
“inclée H2S0 & 612 , = , 
Phen = 3M = 612° mmoles — = . a ; oS 
_, XwMt soln - | ? 
cn “x = 204 ml of solytion as ? : 
: - : a | “\ Ay e pe . aa e 
ht. . Assume 1°2 Of solution” - | . 
‘Wt of solution = 1000 ml x 0.96 g/ml =. 960 g ok 
966. BX 0.0938) ‘2 90. 08 g NH; | ee eae 
yy 2 90.05 - ae a Soe 
nots (NH s) = 90-05 a = 5.30 Ms | j rem 
on, ae an = . 21 MQ, te 
s a “a 


; - a é ‘ tetera - i 
J * 7 ee AGL! 
A * a $ de 
_— a i 
4 


7 ‘ g solvent x solute "ey 0 
. : =? Ee N : , : oan ‘ i 


~ " .  2 gg NaOH x 1000 . “4 a mY 
, . & M2 “s g/mo. , “a ie 


molality NaOH = 0.42 m 


6. Molality = —B,Patle- 20hF. 7 - a: ~~", <« * 
v g 2 x v a +2 ' : ~ . : , 
¢ ; ; 
7 Oc w= 8 BaCl2 x 1000 ; 
: 000 *g H20 x : 
x = g BaCl, = 166 g-BaCl, i a4 
Total weight = 166 + 2000,= 2166 g solution 
: 7. 10% w/w = 10 ¢g CaBr'g per 90 g H20 “s , _ a : 
, w-.. 1) 10 g CaBr, , kO00 WC S~ ae - oe 
a‘ Molality = ST naa PC . e é ae 
7 Y= “Sye H20 * “200 fo . | . 
‘ . ; ; . > ! ” ; . 
_Y # °¢,.56 ™ e te * e ‘ ett 
: : 7 = a 
8. Since the units of molarity, are moles/liter, and volume is a. eg 
a temperature- -dependent ‘quantity, a solution i12 usually tend to- ; 
increase its volume with temperature, hence its molarity will? 
then decrease. Molality; being,, based totally on weight me as~ 
— urements , wild not change its ae eaten with a change in 
temperatire. «3 . 
i ° ° a. * +t 
a ‘ 
é ?. " , bi a 
¥, oo = 
’ 22. ‘ 


. ANSWERS 


' TEST 


u, 


1. 


‘ 


“4 


1,17784017 


2, 276F+01 


9, 37E+01 


” 


TEST 


1,82E+01 


2.71, 0S E-01 


“3. 


ams 


a. S4URt00 


1. 958-01 


7 


TO PROBLEM SETS 


X 
‘ 
* 
ae 


as 
ay a 


26 


a, 


4. 


TEST ~~ 2 


9, 20E+00 . 


. 


2.A2E-01 


“T.57RHOV 


2.47B-01 


TEST 5 


9, 44R-03 


9, 30E+01 


3, 39F-01 


TEST 8 


2. 018-02 


3.73E400° » 


4, O4F+C61 


7. 268+00 


TEST, | 


wee 


1, 1.868401 


2. 9,78E+01 


. - 


Oeil G,41%s 37 ML 


2. 74. 25R-01. 


3.° 7. 47R+00 


uy e 2 e 28 Fe 0 2 
TEST 9 
rou Fa e a 
“1, 2. 708-02 
2. 16698400 
3. 442E+01 
e 
u. 4. 05R+01 


3. BOMR-04 


1, 


26 


~~ 
TEST 10 
2. 21E+00 


1.52E+01 


v 


TEST. 13. 
2.95E+01 


9.848401 
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> ACT I=28#10004RI .; > 
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cS PY. THE DENSITY OF B® 0.45 ‘SCLUTICN OF MnCl, TW WATER | 2 
' TS 1, 030° G/ML AT 2C DFG C. CALCULATE THE, MOLALITY OF THE SOLUTION, 
2. C.35R-MOLFS OF K aCE 07. Is DISSOLVED IN ENOUGH WATER 8 + 
TO FORM 1 LITER OF SOLUTTON, WHAT IS THE WRIGHT PBRCENT, OF 
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